Medical Officer of Health, City of Sheffield. WHEN I was first honoured by your invitation to address this Section, I hoped that the inquiries which I had begun to undertake as to the relation between the incidence of infectious disease and overcrowding in Sheffield, might enable me to place some fairly definite conclusions before this meeting.
In this hope I have been to some extent disappointed and I must apologize in advance for the fact that I can only offer you a few figures and some very tentative deductions, hoping that these may suggest a line of research to colleagues who may be able to prosecute inquiries on similar lines, but on a larger scale and with greater skill.
Members of the Public Health Service are, I think, entitled to look with some pride on the remarkable improvement which has been effected in the national health during the last two or three decades, and I believe that "Preventive Medicine "using that term in the sense of the sum of all those activities now largely directed by the Public Health Service-has been a very important, if not the principal factor, in bringing about this fortunate state of affairs.
But everyone in direct touch with the life and environment of our population knows that there is as yet no ground for complacency. None of us are satisfied with our results, while the conditions of so many of our fellow-citizens, especially in large urban communities, are still in so many respects deplorable.
Perhaps the most hopeful sign for public health in the future is the fact that with a general death-rate reduced to one half of what it was, and an infantile mortality-rate almost equally reduced, I do not think there is a single medical officer of health who suffers from "cephalic hypertrophy" on that account. On the contrary, my experience is that we never meet together without asking each other: "Why are the people so well? "How do they survive? "What have we done to be saved ? "
In the complexity of our modern social organism I am sure there are factors making for improved health and increased resistance to disease, some of which we cannot at present define. They exist perhaps on the plane of social subconsciousness, and it may be that until we can lift them to the level of consciousness, name and catalogue them, we shall not be able fully to bend them to our uses. That there are some such factors at work enabling people to withstand our present relapse into conditions of overcrowding without a recrudescence of something like the old mortality-rates and sickness-rates I think can hardly be questioned.
If the sanitarian of twenty years ago could have been told what our social conditions were to be to-day, had been warned that a social dislocation would occur involving some ten years during which building would be reduced below the level required to compensate the natural increase of population, during much of which even necessary repairs and essential sanitary improvements would be at a standstill, during which unemployment would reach unheard of figures, and over-crowding would revert to something approximating the conditions prevailing in the middle of the last century, I am sure that the sanitarian would have confidently predicted a reversion to the old death-rates, and, especially, an enormous increase in the incidence and mortality of infectious diseases. Such a prediction would have appeared then to be justified.
Twenty years ago the nation was prosperous, and at peace. The South African War had shaken its self-esteem, but not its self-confidence or its trade. The Public Health Act had been in operation for a generation, and its effect, and that of much consequent legislation, was beginning to be harvested. The building trade was prosperous and the Housing of the Working Classes Act had been in operation for fifteen years with tangible results. The Education Act had been in force for more than a generation, and people were beginning to look for the harvest, though up to then, the seed-time had been comparatively inexpensive, from the point of view of modern standards.
We were on the eve of all the recent work which has dealt so much with the individual as opposed to the environment of the masses.
That generation had provided for an adequate and pure water supply, at all events for urban populations, and much had been done in connexion with drainage, sewerage and disposal of sewage. Communities were no longer dying from the accumulation of their own waste products as they did up to eighty years ago or less. There was a definite prospect of a gradual but steady improvement in housing accommodation, and of the abolition of slums. The engineer and the architect were certainly in the ascendant in Public Health matters, but the medical officer was there as a somewhat obscure and always ill-paid source of inspiration to local authorities and their officials.
This period was followed by the passing of the Housing and Town Planning Act of 1909, and under that Act a great deal of valuable work in the way of slum clearance became possible, and in most districts it was being carried out with considerable success right up to the outbreak of the war.
Unfortunately the passage of that Act was almost immediately followed by a decline in building activity, mainly due in the first instance to other legislation which it is not necessary to specify here, and this was followed by the complete paralysis caused by war conditions. But the seriousness of the partial paralysis of pre-war years is not, I think, generally recognized. In his introduction to Vol. VI of the Census Reports for 1911 the Registrar-General says:
" Speaking generally the number of uninhabited houses was less in proportion to the number of inhabited houses at the census of 1911 than it had been at any of the four preceding censuses; and the proportion of houses being built was very much less than it had been at any previous census " [1] . From 
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Unfortunately the corresponding figures for the 1921 census are not yet available. That overcrowding now exists-and to an extent probably unequalled since the "forties" of the last century, when the social results of the industrial revolution were at their worst, and hunger, under the Corn Laws, was the real scythe of Deathis, I think, admitted. And it is of great interest to us to find in the speeches of Lord Shaftesbury and of Cobden, references to the frightful influence of overcrowding on the population of those days. We all know that this terrible evil exists, and I bave some reason for believing that it is perhaps even more acute in Sheffield than in other large urban agglomerations of population.
But it is curiously difficult at present to obtain anything like an accurate measure of this overcrowding. No large figures tell us anything at all about the cases painfully familiar to most of us, where eight or nine or more persons of both sexes and all ages live in one or at most two rooms, to-day; where a baby may be born in the presence of a whole family, and interrupt the cooking of the mid-day meal; where youths and maidens have no separation, no privacy, where nothing is hidden, where nothing is sacred, where there is no solitude, no decency, where everything even death itself, must happen under the eyes of everybody else, as though that human family and their lodgers were a nest of stoats or weasels, or rabbits. Such are the facts with which we are all familiar, but which may be represented statistically by the mere shifting of a decimal point. We ought of course to be able to estimate the facts of overcrowding with something approximating to the accuracy of a chemical titration, but for the purposes of this paper I have found this impossible.
In the prefatory remarks of the Registrar-General to the census of 1911, already quoted, he makes the following statement: " The tables in the present volume do not afford any information as to the relative amount of accommodation in the inhabited buildings returned at the two censuses" [2] , and in the Census Reports of 1921 the difficulty is increased by certain alterations in arrangement, for instance in the change of the figures for persons per house to rooms per family; this involves a transposition of figures which cannot always be carried out with complete accuracy when one attempts to compare the conditions of one period with those of another.
The following table, however, gives us some comparison of the conditions both in England and Wales and in Sheffield on the two last census dates. But the inclusion in one group of families occupying from one to nine rooms, of course enormously dilutes the real facts as to overcrowding among the most poverty-stricken and huddled sections of the community. It will be noticed that both in Sheffield, and in the country generally, the size of families has decreased with the decline in the birth-rate for the two areas, the birthrate for England and Wales having declined from 24'4 to 22'4, and that for Sheffield from 27'7 to 23-77. But in England and Wales, in spite of the universal and admitted shortage of houses, there is an actual increase of 001 in the number of rooms per person, whereas in Sheffield there is a decrease of 004. Even these small fractions are significant when we remember that the groups of population under consideration include the large numbers whose standard of living and housing has improved since pre-war days.
Many of the worst cases of overcrowding occur among the dishoused, who are now occupying one or more rooms in sublet bouses or " houses let-in-lodgings."
Of the number of these people I have not yet obtained any satisfactory index, but in Sheffield I find that the percentage of the population in private families living under conditions of more than two per room has increased from 84 in 1911 to 12 in 1921.
For 1923, therefore, I think we are safe in assuming that the ratio of overcrowding was at least as 3 to 2, as compared with 1911, and in considering the incidence of infectious disease I am assuming this figure 
MOETNA TW IN AROM ENSU I2I2D
crowding were still a main factor in promoting the spread of diseases of microbic origin, we should be entitled to expect a material increase in the incidence and mortality from these causes in Sheffield during this intercensal period. The aUbove diagram, however, shows that in Sheffield, as throughout the country, there has been a steady decline in the mortality from these causes. The curves for enteric fever and infantile diarrhe~a would have been even more impressive, the former having virtually disappeared, and the latter declined to one-fourth of the figure for ten years ago. This is a remarkable contrast to the figures given by Dr "IhmC 254 that time, nearly forty years ago, Dr. Russell was able to demonstrate a very high degree of correlation between the incidence of zymotic disease and overcrowding, the rate per 100,000 of the population being 478 in oneand two-roomed houses, 246
in threeand four-roomed houses, and 114 in houses of five rooms and upwards.
In attempting to trace this relationship in Sheffield in the case of certain specific diseases during 1923, I find the influence still exists, though to a much less extent.
The diagrams on the preceding page show the incidence of scarlet fever and diphtheria in households coming under the following categories, viz., (1) less than one person per room, (2) one or two persons per room, and (3) more than two persons per room.
These figures are not strictly comiparable with those of Dr. Russell, because the standard of housing taken is different, and his figures relate to the whole group of zymotic diseases, whereas these relate only to scarlet fever and diphtheria. They do, however, give us measures of closely related phenomena, and it seems to me that the discrepancies are sufficiently marked to justify us in suspecting that overcrowding per se has become a less important factor in the spread of infectious disease than it was even forty years ago. In Dr. Russell's figures the increase in incidence of zymotic diseases in the worst houses as compared with the best houses is 419 per cent. In our Sheffield figures the increase is 37 per cent. in the case of scarlet fever and 87 per cent. in the case of diphtheria. Very similar figures have been obtained by Dr. J.
Macmillan, Medical Officer of Health, Woolwich, in that borough [4] . There, over a three-year period, the attack-rate was 0 4 per 1,000 in families of less than one person per room, it rose to 1P53 per 1,000 where there were one to two persons per room, and to 3'31 where there were more than two persons per room.
I regret that so far I have not been able to discover similar figures for other towns, but hope to do so during a more extended inquiry.
D)iagram III also shows the incidence on the population in houses attacked only; and here we get apparently an actual advantage among the less well housed population. This, however, is illusory, because the better housed comprise the well-to-do with smaller families, and this introduces an obvious fallacy in the calculation of a rate. For instance, a family consisting of parent and one child with one servant, when the child is attacked, will give a rate of 25 per cent., whereas one case occurring in a family consisting of parents and eight children will give a rate of 10 per cent.
The figures are only of value as confirming in some degree the evidence that infections are not spreading among the overcrowded to the extent which, as I have said, I believe would have been predicted even twenty years ago. It may properly be objected against these figures that the infection of scarlet fever and diphtheria is presented to a population of whom an unknown proportion is already immune; and that of course is true, though the objection has less weight when we consider the figures for the population over fifteen years.
But if we take tuberculosis we find almost the same relation. The incidence in the first class of household is 2'18, in the second 4'03, in the third 4 45, that is, the incidence in the last class is only a little more than double that in the first class. Dr. Russell in his paper, already quoted, groups " acute diseases of the lungs and consumption," so that again neither his group of diseases nor standard of housing is quite comparable, but his figure for the best class is 328 per 100,000, and for the worst class 985, almost exactly three times as much. In this case also the Sheffield figures show the same apparent advantage among -the worse-housed population where the dwellers in invaded households only are considered, the rates being then 289, 170, and 117 in the three categories. Of course the same criticisms apply to these figures as those I have already suggested in connexion with scarlet fever and diphtheria.
Apart from these diseases there are two which are perhaps more than any others associated with overcrowding, namely typhus and cerebro-spinal fever.
The association between typhus fever and overcrowding is so marked that it was perhaps the first disease to attract attention to the ill-effects of this condition.
As Murchison says:
" All the historians of the great epidemics of typhus fever testify to the intimate connexion between its prevalence and overcrowding " [5] .
It is noteworthy, however, that he insists that-"Destitution and deficient alimentation are the mnost powerful predisposing causes of typhus" [6] . With respect to cerebro-spinal fever the author of the chapter on this subject in the " Official History of the War, Medical Services" states that:
"From the study of recent epidemics one causative factor stands out with startling distinctness, namely overcrowding. In 1915 it was at once recognized that wherever cubic space, either in huts or billets, fell below standard, cases began to occur. Captain Glover's work at a depot in 1917 gives an admirable picture of the mode in which epidemics arise from overcrowding. Glover found that the carrier rate with the peace standard of one yard between beds rarely exceeded 5 per cent. Mobilization standard of 1 ft. 4 in. between beds yielded a carrier rate of 10 per cent. At 1 ft. it rose to 20 per cent., and at less than 9 in. 28 to 30 per cent. When the carrier rate rose to 20 per cent. or over, cases began to occur. At this depot the carrier rate rose as high as 70 per cent. Spacing out produced a fall in the carrier rate in a slower manner than the preliminary rise " [7] .
Notwithstanding this very close association between these diseases and overcrowding, typhus has continued to be unknown in this country, with the exception of one recent outbreak at St. Helens, which was limited to a few individuals and was at once stamped out; while, since demobilization, there has been no marked increase in cerebro-spinal meningitis, although that disease appears now to have become endemic in this country and may still constitute a menace of which we must not be unmindful.
If we are justified by the foregoing considerations and other evidence which I hope will soon be available, in assuming that overcrowding per se is a less potent influence in promoting the spread of infectious disease than it was in the days of our forefathers, it is important for us to identify as far as possible the factors which have caused this recession in its importance.
In every case of infection there are two elements to be considered, namely the virulence of the infecting agent, and the degree of immunity possessed by the individual attacked. Since the incidence and severity of specific diseases vary as they do over considerable periods, it is often most difficult to determine which of these two elements is the dominant one. But that there are cyclical variations in the virulence of some infecting organisms I am convinced.
Most of us have witnessed the remarkable decline in the severity and fatality of scarlet fever, which has been for years, in the great majority of cases, an almost trivial complaint. This change set in before there was any marked improvement in the general standard of living to justify an appeal to that mueh-abused phrase " increased resistance of the patient." If any such " increased'resistance " to scarlet fever were present, it was specific and not general, for the virulence of measles showed no diminution, and I am satisfied that the virulence of chicken-pox has materially increased. When I was in practice, the last-mentioned was a disease that produced practically no constitutional disturbances whatever. In fact the rash is usually stated to appear on the first day of the disease, simply because the period of onset was generally unrecognizable. But of late years I have been called in to examine many cases of chicken-pox which were very properly reported as doubtful cases of small-pox by practitioners unfamiliar with that disease, simply on account of the severity of the constitutional symptoms and the profuseness of the eruption. The antecedent improbability of a population such as that of England and Wales acquiring an increased resistance to scarlet fever, none to measles, and a reduced resistance to chicken-pox is, to my mind, so great that I am driven to conclude that it is at least more probable that the infecting organisms have been subject to influences, at present unknown, which have modified their virulence. Something has also happened to small-pox, but that is ground at present so controversial that I dare not tread on it! The recent rapid elimination of enteric fever is another problem for which we cannot at present satisfactorily account on any hypothesis except a decline in the virulence of the Bacillus typhosus, while the organisms responsible for pneumonia remain as active and vicious as ever. I believe therefore that there are variations in the infectivity of many pathogenic organisms which, on balance, at present mT'ake for a lessened incidence of disease, quite apart from environmental conditions. Apart from such admittedly questionable theories, we have the very definite effects of increased knowledge of aetiology and rational therapeutics. Small-pox might have been eliminated a generation ago were it not for the magnificent defence put up by its allies. Diphtheria has been rendered almost innocuous and largely preventable when our modern weapons are used with sufficient promptitude and dispatch. Typhus fever would very probably have got a footing among us during and since the war had we still regarded the infection as due to " inhalation of emanations from the patient "-the doctrine even in Murchison's day. As it is, the conquest of typhus in Serbia during the war, and the protection of our own troops, is one of the romances of modern preventive medicine. Military experience has shown that enteric fever can be completely controlled among enormous bodies of men especially exposed to it, and there is now at least strong presumptive evidence that the child population may be protected against scarlet fever by the toxi-antitoxin method, so long as the administrative machinery is provided, and knowledge is not again compelled to give way " when the heathen rage furiously together and the people imagine a vain thing."
Another very important factor is the increased accommodation in isolation hospitals and improvement in notification and administration.
There remains the question of " resistance to disease." While bacteriology and serology have taught us something about the mechanism of acquired immunity, we still know very little about the conditions which confer natural immunity. It seems common sense to believe, as our ancestors did, that this belongs primarily to the individual who possesses what is commonly known as good health-the happy individual with a good heredity and good habits, free from organic disease, with tissues well aerated, well nourished, and well drained. Such a condition can only persist in a healthy environment, and the older physicians were doubtless right in dividing their discussions of aetiology into " predisposing " and " exciting " causes. And here I would again remind you of Murchison's dictum that " destitution and deficient alimentation are the most powerful predisposing causes of typhus fever." This is no doubt equally true of all infections, and it must be remembered that while we have lamentably relapsed in the matter of housing, yet during all the post-war period of dislocation of trade and unemployment, we have not allowed destitution to exist. Everybody has been fed, and among the wage-earners and the unemployed, fewer people have been overfed. Enforced economy has probably a most valuable effect in the selection of the dietary in the humbler households, and there is some evidence that the work of Gowland Hopkins, Mellanby, and other workers on nutrition, is already percolating through various health agencies so as to have a practical effect on the habits of the poorest.
Another cause which is certainly exercising a notable effect on the health, and presumably the resistance, of individuals is the great decrease in the consumption of alcohol as the result of poverty, increased prices, and restricted hours of opening of licensed premises. This effect is both direct and indirect, for I am assured by experienced health visitors that many women are now found looking after their children and homes in the morning, who a few years ago would have been located in the nearest public-house. Other social factors are public health education-which is advancing almost everywhere except in the schools-and the effect of National Health Insurance.
Again we must remember that whilst we have reverted to overcrowded conditions in private houses, and houses let-in-lodgings, public opinion no longer tolerates the fearful conditions that prevailed in the mid-nineteenth century in common lodging-houses, gaols, workhouses and other institutions where the unfortunate were compelled to sleep. In a speech made in 1851 Lord Shaftesbury gave the following account of a room in a lodging-house in London: moral, social, and physical, of our present overcrowding, I think it is of great importance that we should seek out and identify the factors that are tending to minimize at all events the spread of infection, in order that we may at least mitigate these evils during the period that must elapso before we see a population adequately and decently housed.
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It was a contribution to both science and literature. It was not very creditable to the Public Health services of the south of England that this valuable address should have been delivered to so small an audience. He (Dr. Greenwood) thought that Dr. Wynne's coimnent upon the apparent paradox of Diagram III was just; it might be remarked that if a character were distributed wholly at random through a population grouped in houses, or families, of different sizes, and if one selected only the houses wherein at least one inmate of each possessed the character, the proportional frequency of the character among the inhabitants of houses of different sizes would diminish with the size of the house. WVhen the character was not distributed at random, e.g., when it was an infectious disease, the problem was more complex but he thought the same principle was at work. He fully agreed with Dr. Wynne that the better nutrition of the people had been a primne cause of the mitigation of the evils of overcrowding to which Dr. Wynne had called attention. Perhaps one might say that the mnost serious aspect of the present housing position was not so much its direct relation to the spread of physical disease as its influence upon an absolutely large, if relatively smnall, number of persons now living under conditions wholly incompatible with a reasonable standard of civic feeling. He (Dr. Greenwood) recalled the words of Simon, writing of overcrowding almost eighty years ago:
" I have to deal with the matter only as it relates to bodily health. Whatever is morally hideous and savage in the scene-whatever contrast it offers to the superficial magnificence of the metropoliswhatever profligacy it implies and continues-whatever recklessness and obscene brutality arises from it -whatever deep injury it inflicts on the community-whatever debasement or abolition of God's image in men's hearts is tokened by it-these matters belong not to my office, nor would it become me to dwell on them. Only because of the physical sufferings am I entitled to speak. . . But while I lift the curtain to show you this-a curtain which propriety might gladly leave unraised, you cannot but see that side by side with pestilence there stalks a deadlier presence; blighting the moral existence of a rising population; rendering their hearts hopeless, tjieir acts rtffianly and incestuous; and scattering, while society averts her eyes, the retributive seeds of increase for crime, turbuilence and pauperism."
He would like to think, but he could not think, that these words had no application to the present time.
Dr. G. CLARK TROTTER (Medical Officer of Health, Islington), stated that the statistics given in Professor Wynne's paper had involved a great deal of laborious work. A year ago, Dr. Harold Kerr, of Newcastle-upon-Tyne, had read a paper before the Section 1 likewise involving the tabulation of figures and the expenditure of much time. In both instances-Professor Kerr's and the present-the authors had, in spite of the labour involved, not reached conclusive findings as a result of their work. This was not to be taken, however, as a deterrent; rather must it be remembered that until such work was done, it was impossible to estimate the result, and it was necessary that it should be performed in order to say what the result would be: therefore the papers had a very definite value. Would Professor Wynne state whether there was any risk of fallacy in respect, for instance, of houses of three rooms and over ? Whether every room in the house was actually in constant use ? It was a custonm in certain parts to reserve a " best " room, which was only used on special occasions. Such a room, although it existed, if it were not usually used, could have no real statistical value. He was able to confirm from his own experience Professor Wynne's statement with regard to chicken-pox being frequently of a more severe type now than was the case some years ago.
Dr. PERCY STOCKS, in expressing appreciation of Professor Wynne's paper, remarked further upon the curious statistical fallacy involved in comparing percentage rates of incidence of an infectious disease in the populations of invaded houses when these were grouped according to the number of persons per room. He had reason to know that fallacies due to the same kind of unconscious selection arose in the statistical analysis of pedigrees of families affected by hereditary diseases.
Dr. JOHN C. MCVAIL (President) said that the Section was greatly indebted to Professor Wynne for placing before it the results of his investigation, so far as yet carried out, into the present-day influence of overcrowding on the prevalence of infectious disease. Since 1909, and especially since the War, overcrowding had immensely increased, yet several infectious diseases had diminished in prevalence or fatality, or in both respects. Notwithstanding this contrast Dr. Wynne had shown that room density did still definitely influence transmission of these diseases from one inmate to another, though not to anything like the same extent as Dr. Russell had recorded for Glasgow forty years ago. Of course the maximum purity which the air of an inhabited room could attain would be that of the atmosphere outside, and improvement in the latter would affect the former. In Farr's time the whole subject was dealt with not in terms of room density but of square mile or acreage density. As regards room density, in comparing England with Scotland, it had to be understood that while the number of rooms in a dwelling in Scotland was on the average decidedly less than in England, yet the average size of the apartment was greater, so that in Glasgow now three persons per room was taken as the standard compared with two persons in England. Dr. Wynne had rightly emphasized the importance of better feeding, both in amount and character, in its influence on resistance. In the Lancashire cotton famine in the last century there was the apparent paradox that infant health improved, but that was owing to the women mill-workers being able, when unemployed, to feed their babies at the breast.
Dr. GRAHAM FORBES said that he could not agree that the schools were largely responsible for the spread of infectious disease. In London schools a close watch was kept, particularly for the occurrence of measles, scarlet fever and diphtheria, and on the first appearance of infection, steps were taken to limit its spread by examining all children in affected class-rooms and excluding any who came under suspicion. In the case of diphtheria the systematic swabbing of throat and nose had also proved of great help in the detection of carriers and cases in the initial stage. In time past attempts to check outbreaks by school closure had not proved effective and had therefore been replaced by the present more reliable system of control by personal inspection. The results of these school investigations seldom provided evidence that the spread of infection was attributable to school influence. He was of opinion that out-of-school eonditions, less capable of control, through contact in the overcrowded home, the cinema and elsewhere, offered far more facility for the dissemination of infection than the schools, where medical supervision was constantly being exercised. The discrepancies shown in the final columns of Professor Wynne's statistical tables, where the heavier incidence of scarlet fever and diphtheria was apparent in the less crowded homes of the more well to do, could perhaps be explained by the fact that the higher in the social scale, the less was the chance of exposure at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from to frequent small doses of infection, hence the less opportunity for the development of immunity and the greater amount of individual susceptibility. This had been well demonstrated by the results of the very numerous Schick tests carried out in America. For the percentage of Schick positives, or persons susceptible to diphtheria, was far higher in the better class, and more proteoted rural schools, than amongst the poor, who, through closer contact with the infection in overcrowded homes and in the more populous quarters of towns, had presumably acquired a greater degree of immunity, both individually and collectively.
Dr. WYNNE (in replying to the discussion) said that in the industrial centres of the North the sanctity of the " front room " had largely disappeared under the pressure of circumstances, and such rooms were now generally occupied or sub-let. He did not think the fallacy suggested by Dr. Clark Trotter was now material.
